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Networks and Regional Economic Growth: A Spatial Analysis of Knowledge Ties 
 
Abstract 
In recent years, increased attention has been given to role of inter-organisational knowledge 
networks in promoting regional economic growth. Nevertheless, the empirical evidence base 
concerning the extent to which inter-organisational knowledge networks influence regional 
growth is at best patchy. This paper utilises a panel data regression approach to undertake an 
empirical analysis of economic growth across regions of the UK. Drawing on the concept of 
network capital, significant differences in the stocks of network capital and flows of 
knowledge within and across regions are found, which are significantly associated with 
regional rates of economic growth. The analysis finds that both inter and intra-regional 
networks shape regional growth processes, highlighting the role of both embedded localised 
linkages and the importance of accessing more geographically distant knowledge. The study 
adds weight to the suggestion that one of the most interesting implications of endogenous 
growth theory relates to the impact of the spatial organisation of regions on flows of 
knowledge. It is concluded that the adoption of a relational approach to understanding 
differing economic geographies indicates that network systems are a key component of the 
regional development mix. 
1. Introduction 
Economic growth rates are increasingly considered to be dependent on endogenous factors, 
with most treatments commonly assuming that economic growth is partly a function of either 
stocks of human capital (Lucas, 1988), or knowledge in the form of research and 
development (R&D) (Romer, 1986). Romer (1986), for example, specifies a model of long-
run growth in which knowledge is assumed to be an input into production that has increasing 
marginal productivity. A recent development to this approach is the increased attention that 
has been given to role of inter-organisational knowledge networks in promoting economic 
growth, especially the growth of regions. In particular, it has been suggested that regional 
economic growth is partly a function of the value created through inter-organisational flows 
of knowledge within and across regions (Huggins and Thompson, 2014; 2015). More 
generally, the role of inter-organisational networks as facilitators of knowledge flow has 
increasingly come to prominence across the economics, geography and management fields 
(Bergenholtz and Waldstrøm, 2011; Maggioni and Uberti, 2009; Zucker et al, 2007). 
Inter-organisational networks consist of the interactions and relationships 
organisations (principally firms) utilise to access knowledge beyond their market 
relationships. In other words, these networks consist of the means by which knowledge flows 
across organisations beyond the direct purchasing of it. In general, inter-organizational 
networks are considered to be a crucial element underlying the economic growth and success 
of regions (Asheim et al, 2003; Bathelt et al, 2004; Rutten and Boekema, 2007). Furthermore, 
it has been proposed that investment in calculative networks by organizations to access 
knowledge is a form of capital, termed network capital (Huggins, 2010). Network capital 
reflects the accessible knowledge flows generated from the interactions and links formed 
between firms and other organisations. Given the growing importance of activities associated 
with open innovation, it has been suggested that network capital should be incorporated into 
regional growth models alongside the more traditional capital inputs (Huggins and 
Thompson, 2014). Network capital provides a useful means of accounting for the nature and 
value of the interactions and relationships required for knowledge to both ‘spillover’ and be 
captured (Fitjar and Huber, 2014; Huggins and Johnston, 2010; Kramer et al, 2011). 
Huggins and Thompson (2014) outline a model of regional growth which is one of the 
first to incorporate network capital into the regional production function, but stop short of 
testing it. The aim of this paper, therefore, is to empirically examine the extent to which inter-
organisational networks facilitating the flow of knowledge – along with the acknowledged 
components of growth models, such as human capital, R&D, physical capital and labour - are 
associated with regional growth processes. Furthermore, the paper seeks to recognise that 
access to, and the quality of, knowledge, varies according to the geographic distance between 
network actors. It study, therefore, seeks to answer the following research questions. First, to 
what extent is there evidence that network capital varies across regions? Second, is network 
capital positively associated with greater regional economic growth? Third, does the spatial 
nature of knowledge flows influence the relationship between regional economic growth and 
network capital?  
The remainder of the paper is structured as follows. The literature associated with 
endogenous modes of regional economic growth and networks is explored in the next section. 
This includes an examination of the nature of firms’ networks in terms of their spatial 
distribution, as well as the benefits or limitations of attempting to utilise more localised or 
distant knowledge. It further examines how the decision to draw on more geographically 
proximate or distant knowledge is driven by the characteristics of firms, in particular their 
stage of development. This helps provide an understanding of how network capital is likely to 
vary across regions. Section 3 outlines the methodological approach adopted for the analysis, 
detailing the estimation procedures used. Section 4 presents the results of the empirical 
analysis, which principally involves regression modelling techniques, with Section 5 
discussing the implications for economic geography and regional development theory and 
policy. 
 2. Endogenous Regional Growth and Networks 
This section presents the key constructs and theoretical discourse associated with regional 
economic growth and the role of networks and knowledge flows as potentially determining 
factors. It firstly considers the work highlighting the role of intangible assets underpinning 
growth trajectories, before arguing that inter-organisational knowledge networks are 
themselves intangible assets, which can be portrayed as network capital. It then suggests that 
the spatial aspect of networks is linked to the value of networks for firms, as well as the 
regions in which they geographically situated. Finally, it is argued that the nature of the 
networks, and thus the value extracted, is related to the characteristics of the firms, especially 
lifecycle factors and the age of firms. 
 
2.1 Regional Growth and Network Capital 
At the regional level, it is recognised that there is a need to better understand the mechanisms 
underlying regional growth patterns (Andersson and Karlsson, 2007; Capello and Nijkamp, 
2009; Stimson et al, 2011). Although there is a generally accepted view that networks provide 
the means for knowledge flow, there have been few attempts to incorporate the role of such 
networks within regional growth models. This is surprising given that the network metaphor 
has become commonplace within the regional economic development literature, with 
research focusing on notions such as innovative milieu, regional innovation systems and 
clusters, which all suggest the relevance of networks to regional economic performance 
(Allen, 2010; Cooke et al, 2011; Thrift and Olds, 1996; Yeung, 1994). 
Fitjar and Rodríguez-Pose (2015) consider the impact of collaboration on innovation 
using data for Norway’s largest five city regions. They find that the institutions present play 
an important role in mediating the effectiveness of the collaboration-innovation relationship. 
As the external knowledge captured through collaboration is of most value for open 
innovation activities, returns are maximised when combined with existing regional 
knowledge (regional R&D investment) and where firms possess the absorptive capacity 
(human capital) to make use of this knowledge. 
Building on this approach, the empirical analysis presented in the following sections 
of this paper is positioned within the ‘capitalisation’ of networks discourse, whereby 
networks are considered to potentially offer benefits to network actors in terms of the 
resources they are able to access (Borgatti and Halgin, 2011; Capaldo, 2007; Glückler, 2013). 
It draws on the notion of network capital defined as the value actors gain from the knowledge 
they are able to access from their networks as a means of innovating and enhancing economic 
returns (Huggins and Thompson, 2014). In particular, network capital refers to the deliberate 
and calculative investment in relations and interactions by organisations, especially firms, 
with other organisations (Huggins and Johnston, 2010; Kramer and Revilla Diez, 2012; 
Lawton Smith et al, 2012). Network capital, therefore, is a relational asset stemming from 
strategic inter-organizational networks designed specifically to facilitate knowledge flow, 
innovation and to accrue economic advantage for organisations (Huggins and Thompson, 
2014). 
This conceptualization of network capital has some commonality with Elliot and 
Urry’s (2010) description of it as being a resource ‘advantage’ that binds global elites 
together, but also differs in an important manner. Much of what might be considered network 
capital in Elliot and Urry’s (2010) definition could be considered by others as incorporating 
social capital, as it specifically relates to personal connections between individuals. The term 
network capital as analysed in this study relates to the calculative relations residing at the 
firm rather than the individual level (Huggins and Johnston, 2010).  
Duranton (1999) identifies personal face-to-face interactions as a factor that helps to 
glue agglomerations together. This echoes the notion of ‘intra-regional network capital’ 
operationalised in this study, which may have an important role in more tacit knowledge 
exchange. However, the notion of ‘inter-regional network capital’ appeals more to 
Duranton’s (1999) argument that advances in technology will reduce the role of spatial 
agglomeration and may eventually remove the need for geographical proximity. 
As intangible capital structures, networks can be considered to exist as capital objects 
(Westlund, 1999), and in this sense the term ‘network’ covers a wide range of interactions. 
As noted by Contractor and Lorange (2002), they may be either horizontal or vertical in 
nature and involve, for example, customers, suppliers, members of professional networks, 
rival firms, private and public sector knowledge providers, and universities. 
 
2.2 Network Spatiality 
A key feature of the network discourse has long concerned the role of interactions and 
associations between spatially proximate and co-located external organisations, such as 
universities, R&D labs, and firms, within the innovation process (Keeble et al, 1999; Laursen 
et al, 2012; Mattes, 2012). It is argued that spatial proximity allows for repeated and frequent 
face-to-face interactions that enable the transfer of tacit knowledge that cannot be easily 
codified (Asheim and Gertler, 2005). This suggests that local organisations may often be 
embedded in regional knowledge channels (Breschi and Lissoni, 2009; Breschi and Malerba, 
2001; Krätke, 2010), with ready access to local public or private research institutes and 
universities being facilitated through local knowledge flow routes (Mueller, 2006). However, 
while organisations may benefit from local knowledge spillovers as an undirected and 
spontaneous ‘buzz’ (Storper and Venables, 2004), they may also need to consciously build 
non-local ‘pipelines’ to tap into knowledge from outside their region (Bathelt et al, 2004). 
In order to obtain the most valuable knowledge it may be necessary to utilise 
networks at a greater geographical scale (Bathelt et al, 2004; Lorentzen, 2008; Wolfe and 
Gertler, 2004). As a result, there is an increasing emphasis on the importance of 
understanding networks and knowledge flows that are simultaneously intra and inter-regional 
(Agrawal et al, 2008; Bouba-Olga et al., 2012; D’Este et al., 2013). There is also a growing 
school of thought that non-proximate actors are often equally, if not better, able to transfer 
strategically relevant and valuable knowledge across spatial boundaries providing a high 
performing network structure is in place (Torre, 2008).  
Accessibility to extra-regional knowledge is found to be theoretically and empirically 
associated with regional growth performance, with the ‘amount of knowledge’ available in a 
region reinforcing the effect of local innovative activities (Rodríguez-Pose and Crescenzi, 
2008; Andersson and Karlsson, 2007). In particular, it has been found that inflows of 
knowledge have a positive impact on the growth of a region, with this effect having a larger 
magnitude if neighbouring regions also exhibit high growth rates (Badinger and Tondl, 
2002). Firms that source knowledge from selected providers located outside the local milieu 
will do so by investing in the building of new channels of communication (Fitjar and 
Rodriguez-Pose, 2011; Fontes, 2005; Gertler and Levitte, 2005). The concept of ‘temporary 
clusters’, whereby strategic network building occurs through conferences, trade fairs, 
exhibitions and the like, highlights the importance of investing in these channels to access 
knowledge via global pipelines (Bathelt and Schuldt, 2010; Maskell et al, 2006; Rinallo and 
Golfetto, 2011; Schuldt and Bathelt, 2011). 
As Boschma and Ter Wal (2007) assert, innovation is not a matter of being in the 
right place, but more about being a member of the right network, with too much reliance on 
local knowledge networks and sources being potentially harmful for innovation. While 
regional knowledge flows are characterised by a higher number of face-to-face contacts, in 
some cases knowledge exchanged through non-regional flows have been found to be more 
valuable (Weterings and Ponds, 2009). More generally, the constraining effect of distance on 
knowledge flow and transfer is considered by some to be gradually diminishing, and there is 
increasing evidence of the heightened role being played by international knowledge sourcing 
networks in many places across the globe (Athreye, 2004; Doloreux, 2004; Garnsey and 
Heffernan, 2005; Saxenian, 2005). However, Fitjar and Rodríguez-Pose (2015) also highlight 
the importance of regional institutions in successfully utilising knowledge depending on the 
geographical proximity of the source. For international knowledge, they find that regional 
absorptive capacity is a key factor in generating greater innovative performance, but for 
domestic inter-regional knowledge the degree of regional R&D investment - reflecting the 
quality of the regional knowledge available - plays an important role. 
Potentially, there is some interdependency between local and global networks. In 
particular, successful connectivity in global spaces is often considered to be the outcome of 
an initial system of localised interaction, whereby it is the knowledge crossing hallways and 
streets that initially catalyses intellectual exchange and knowledge transfer across oceans and 
continents (Glaeser et al, 1992). Skills gained through local interactions in knowledge-rich 
environments may better prepare firms for obtaining knowledge from distant sources 
(Saxenian, 2005; Sturgeon, 2003; Ter Wal and Boschma, 2011). This phased transition is 
necessitated by the risk for firms of becoming rigid and outdated when local networks fail to 
keep abreast of knowledge emerging outside of their respective region (Bathelt et al, 2004; 
Ter Wal and Boschma, 2011). Not all firms may participate in the transition from local to 
global interactions. Whereas firms with less resources and lower absorptive capacity (Cohen 
and Levinthal, 1990) may tend to continue to mainly network locally, those with greater 
resources and higher absorptive capacity are likely to be more connected to global networks 
(Drejer and Lund Vinding, 2007; Huggins and Johnston, 2009). It is, therefore, unclear 
whether network capital associated with geographically more proximate or distant sources 
will have the strongest association with regional growth. 
 
2.3 Networks and Firm Vintage 
As touched on above, the quantity and nature of network capital present in a region will be 
determined to some extent by the characteristics of the firms present within the region. As 
firms evolve it can be anticipated that their networks will evolve from relatively path-
dependent networks – which in the first instance may be highly reliant on the pre-existing 
networks of the entrepreneur(s) – to more intentionally managed networks based on 
reputation and access to relevant resources and partners (Hite and Hesterly, 2001). Evidence 
suggests that as firms become more established, and potentially less vulnerable, the apparent 
necessity for network formation may initially fall, although over time increased reputation 
and status may increase the opportunity to form valuable network ties, resulting in an upward 
trend in the long-term (Deeds and Hill, 1996; Eisenhardt and Schoonhoven, 1996; Stern et al, 
2014). Research indicates that a U-shaped relationship exists between the frequency of 
knowledge networking activity and the age of firms (Huggins et al, 2015). These findings 
offer broad support for propositions suggesting that the knowledge networks of firms evolve 
as the needs, capabilities, and characteristics of firms change in line with their position at 
particular points in their lifecycle. In particular, during the emergence phase firms make 
significant investments in networks as a means of accessing the knowledge they require 
(Baum et al, 2000; Athreye, 2004; Garnsey and Heffernan, 2005). Also, the location of 
knowledge sources, as well as the forms of knowledge and types of knowledge sources, tends 
to vary across firm age groups (Huggins et al, 2015). Overall, therefore, it is expected that 
networks will differ in scale and nature across regions, resulting in variations in the stocks of 
network capital. 
In summary, the above critique seeks to argue that the growth of regions will partly 
result from the stocks of network capital held by firms located in respective regions. High 
growth regions are likely to be those with a dense cadre of firms fostering heightened 
endowments of global and inter-regional network capital in tandem with strong existing 
stocks of local intra-regional network capital. The following sections seek to determine the 
extent to which empirical analysis can be said to add support to these propositions. 
 
3. Data and Methods 
 
This section outlines the procedures used to estimate the stocks of network capital across UK 
NUTS2 regions as a means of testing for any relationships with regional output growth. As a 
starting point we draw on the findings of Huggins et al (2015) who find a relationship 
between firm age and knowledge networks based on a survey of firms in the UK. Huggins et 
al. (2015) use a UK wide survey of firms to determine the extent to which firms seek 
knowledge from a range of sources including suppliers, customers, rival firms, consultants, 
commercial labs, universities, government research institutes, conferences, rated from 0 
(never) to 10 (very often). This is used to capture the extent to which firms are attempting to 
create and utilize network ties. For each source they identify whether knowledge was sought 
from within the region in which the firm is located (intra-regional), elsewhere in the UK 
(inter-regional national), or other countries (inter-regional international). The figures used 
here relate to the average intensity of use of regional, national and international sources 
regardless of the type of source within each. This contrasts with Fitjar and Rodríguez-Pose’s 
(2015) approach where the variety of different types of knowledge sources is investigated in 
terms of its influence on the likelihood of innovating. 
Here we concentrate on the extent to which network ties are used, rather than whether 
they just exist. The data are used to produce regional estimates of network capital by 
examining the use and formation of these network ties for firms of different ages. Based on 
the assumption that the relationship between firm age and network activity is consistent 
across firms in the UK, the Huggins et al. (2015) data allows the frequency of the knowledge 
networking of firms in each region to be estimated at the three spatial levels. Their findings 
were that whilst firms initially (up to five years from formation) invest more heavily in the 
formation of network ties, they appear to enter a growth (in income) phase (6 to 10 years after 
formation) where less investment is put into network ties. More mature and established firms 
(more than 10 years after formation) then return to a greater concentration on generating new 
network capital. From the spatial perspective, firms tend to network most frequently with 
knowledge sources located in UK regions outside of their own, followed by intra-regional 
sources, and less so international knowledge sources. Network tie scores are calculated for all 
firms in the region based on their age and the average networking frequency for firms of 
these ages. 
Whilst the relationship between firm age and knowledge network patterns allows a 
network tie score to be generated at the three spatial levels for all firms in each region, this 
does not take account of the quality or value of the knowledge sourced. Therefore, in order to 
produce a more refined network capital score, account is also taken of the knowledge-
intensity of the sector in which each firm operates, as means of partly accounting for 
institutional attributes (Fitjar and Rodríguez-Pose, 2015). This means that for each firm in the 
region the final network capital scores consist of networking by age scores being multiplied 
by the ratio of the industry R&D intensity to the average UK firm R&D intensity (captured 
by R&D expenditure as a percentage of value added). The regional firm age and industry data 
are drawn from the Office for National Statistics (ONS) UK Business: Activity, Size and 
Location, and Business Demography datasets. The R&D intensity figures are drawn from the 
OECD Business enterprise R&D expenditure by industry data for the UK. Network capital 
stock per region is calculated as the aggregate of the individual firm network capital scores 
determined by their age and industry as shown below:  
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Where wijr,t is the network tie score for firm i from industry j in region r based on the age 
band that the firm belongs to in period t. This is multiplied by rdj, which represents the R&D 
intensity of industry j. The sum of these individual firm values provides the overall network 
capital score for region r in period t (Wr,t).   
The network capital scores are created at each of the three spatial levels and as a total 
network capital value based on the sum of the three spatial level values. The average network 
capital creation and maintenance values for the three age groups of firms from Huggins et al. 
(2015) drive the differences between these measures. These estimates of regional network 
capital stocks can then be examined for their influence on GVA growth as suggested by 
Huggins and Thompson’s (2014) model. Consistent regional data is available for the period 
2005-2013 for the 37 NUTS2 regions in the UK. Initial investigation of this relationship 
considers growth at the NUTS2 regional level as captured by GVA. In order to examine the 
impact on development more directly, the growth of GVA per capita can be used to account 
for population changes. 
In order to robustly estimate the impact of network capital on regional economic 
growth, a regression analysis is employed that also seeks to control for the role of other 
inputs into the growth process through a panel data approach. As the data is likely to exhibit 
non-stationary traits, the first differences of this data is likely to be required providing a total 
of 296 observations. As growth rates are likely to be the most valuable form these first 
differences are taken from natural log of the variables (equation 2). 
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Gross Value Added (GVAr,t) figures are taken from the ONS estimates. Physical capital 
stocks (Kr,t) are not available, instead gross fixed capital formation figures are used from 
Cambridge Econometrics’s European Regional Database. As well as the network capital 
(Wr,t) estimates outlined above, knowledge inputs are accounted for in the form of Research 
and Development investment (RDr,t) (Eurostat). 
Although the growth of resources such as labour, human capital and physical capital 
inputs capture resources that are available for the regional economy, they do not identify the 
extent to which these resources are being utilised to boost innovative activities, and through 
this the long-term competitiveness of a region. In this case, expenditure on R&D provides a 
proxy measure of the extent to which resources are being directed towards these activities.  
Total R&D expenditure is used, as private research is seen as complementing pure public 
research that overcomes market failures (Guellec and van Pottelsberghe de la Potterie, 2004). 
Employment within R&D positions was also considered as an option; however, there was 
considerable missing data at the NUTS2 level of analysis 
Human capital (hr,t) is measured as the number of individuals with NVQ level 4 
qualifications or higher (corresponding to first university degrees) (Annual Population 
Survey). This variable controls for the widely recognised relationship between human capital 
that captures not just the quantity but also the quality of the resource available (Faggian and 
McCann, 2009). University education is used as studies recognise that with the growing 
importance of the knowledge economy, it is education of this level that is often the most 
valuable (Brown et al, 2008; Faggian and McCann, 2006). However, to recognise the 
importance of labour in general - both skilled and unskilled - the working age population 16-
64 years (NOMIS mid-year population estimates) is also included in the regressions. As well 
as providing more direct inputs into production, growing populations may also provide a 
larger market for the outputs of entrepreneurial endeavours (Lee et al., 2004).  
An advantage of using NUTS2 data over more aggregated data is that it enables 
greater heterogeneity within larger NUTS1 regions to be captured. NUTS1 (e.g. London, 
Yorkshire, Scotland and Wales) regions may be core or peripheral, but may also themselves 
contain core and peripheral areas. At a smaller level of aggregation it is likely that there will 
be spillovers and interactions between NUTS2 regions (Badinger and Tondl, 2002). To 
capture this we include a spatial lag term Sr, the spatial weights that represent whether other 
regions (q  r) share a border with region r. The spatial weights are such that when applied 
the spatial term captures the average growth rate of the Gross Value Added variable in the 
surrounding NUTS2 regions.  
 
4. Results 
Figure 1 presents the relationship between average total network capital per firm and GVA 
per capita in 2013 by NUTS2 region (excluding the outlier of Inner London due to the 
anomalistic nature of its GVA per capita). A positive link is found with a line of best fit 
explaining 42.2 per cent of the variance, suggesting that firms in economically leading 
regions generally hold higher stocks of network capital. In answer to the first research 
question, it is clear that there is considerable variation in the levels of network capital held by 
firms across regions. Furthermore, not all regions have seen increases in the level of total 
network capital present over the period 2005 to 2013. The weakening of the global economy 
has been accompanied by a reduction in average network capital for 12 out of 37 of the 
regions. Rural areas such as Cumbria (-27.0 per cent) and Devon (-9.8 per cent) are the 
regions displaying the largest declines in total network capital per firm.  
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In order to determine any relationships between network capital and regional economic 
growth account needs to be taken of changes in other factors that may have an impact on 
NUTS2 regional growth, necessitating the use of a multivariate analysis. In preparation for 
the panel data analysis, Table 1 presents the correlation matrix for the network capital 
measures, GVA, and other sources of labour and capital traditionally associated with regional 
growth using individual years of data. In general, it can be seen that there does appear to be a 
positive relationship between all sources of network capital and gross value added. Table 1 
also indicates the strong but imperfect correlation between network capital measures 
disaggregated by source.  
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Table 2 presents the results of estimating the relationships set out in equation 2. The 
regressions allow for random effects to account for unobserved regional and period 
characteristics. The regressions explain around 42.5 per cent of the variance in GVA growth. 
The regression results suggest that network capital investments may positively link to 
regional output growth, with total network capital significantly associated with output growth 
at the 5 per cent level. In relation to the second research question, the predictions of studies 
such as Allen (2010) and Huggins and Thompson (2015) are supported, with it indicated that 
relatively high growth regions possess firms with relatively high stocks of network capital, 
which allows them to access the most economically beneficial knowledge. Firms in lower 
growth regions are more likely to have a relative dearth of network capital, resulting in 
knowledge access capabilities being restricted to the sourcing of relatively inferior 
knowledge that may hinder their ability to learn (Rutten and Boekema, 2007). 
As well as the overall relationship between network capital and growth, the third 
research question is aimed at establishing the importance of the spatial nature of this network 
capital. When breaking down network capital by the geographical location of the ties, 
positive coefficients are estimated for all three forms of network capital. Partly confirming 
the growing importance of global and non-local knowledge networks (Huggins and Izushi, 
2007; Rodríguez-Pose and Crescenzi, 2008), inter-regional international network capital is 
significantly related to GVA growth at the 10 per cent level. However, the strongest 
relationships are between GVA growth and inter-regional national network capital and intra-
regional network capital. With regard to the latter, this may mean that easier access to 
geographically proximate intra-regional sources of knowledge ensure that these network ties 
remain important with regard to creating a local buzz (Bathelt et al., 2004), even though there 
may be a degree of informational redundancy (Maurer and Ebers, 2006; Ter Wal and 
Boschma, 2011).  
The relatively strong relationship between both intra-regional and national inter-
regional network capital and GVA growth may be reflective of the fact that the majority of 
firms in many regions may struggle to absorb knowledge from more distant global sources 
(Drejer and Lund Vinding, 2007; van Geenhuzen, 2008). This is consistent with those studies 
that have noted the important role played by institutions, such as universities, as knowledge 
aerials, effectively drawing in national and international knowledge and converting it for use 
by local firms, in particular SMEs (Brandt et al, 2009; Fritsch and Schwirten, 1999; 
Lorenzen, 2007). The development of entrepreneurship from these regional knowledge 
aerials may be key factor in facilitating regional growth in the long run, as firms develop to 
the stage where they can also access global knowledge networks (Audretsch and Keilbach, 
2005). 
It is important to recognise that there are considerable growth spillovers between the 
NUTS2 regions as captured by the spatial lag term, which is significant at the 1 per cent 
level. Although knowledge flow within regions is found to be important, it is possible that 
NUTS2 regions adjacent to regions with greater inter-regional international network capital 
growth are also benefitting from indirect interactions. Whilst such benefits may not require 
collaboration and networking with firms in neighbouring regions, the positive coefficient for 
inter-regional national network capital indicates that such interaction may well take place. 
Studies have increasingly noted the importance of global knowledge pipelines, and 
the results presented here provide evidence to support this (McEvily and Zaheer, 1999; Torre, 
2008). Firms with more inter-regional connectivity may act as bridges between particular 
spatial clusters, and be well-positioned to manage and influence knowledge flows, 
presumably to maintain high rates of innovation. Furthermore, firms with a high propensity to 
engage in interactions with actors in other regions may hold central positions within 
knowledge networks, suggesting the importance of these firms as boundary spanning and 
bridging agents and as centrally positioned nodes within a wider spatially configured network 
architecture (Fleming and Waguespack; 2007; Cassi and Plunket, 2015). Therefore, those 
regions with open and porous regional innovation systems are more likely to have higher 
rates of economic growth. This adds weight to the argument that spatially unbounded 
knowledge networks and innovation systems are an increasingly important element of routes 
for achieving regional economic growth (Torre, 2008; Huggins and Thompson, 2014). 
Clearly, knowledge does not flow rapidly and costlessly around the globe (Grossman 
and Helpman, 1994), and, as Malecki (2010) argues, the globalisation of knowledge may 
result in additional costs as firms communicate across national, cultural and linguistic 
boundaries. Therefore, the costs of establishing and sustaining inter-organizational 
knowledge flows are likely to rise with geographical distance (Weterings and Ponds, 2009). 
The evidence presented here suggests that regions with firms possessing a proclivity to invest 
in more spatially distant forms of network capital are likely to achieve higher rates of growth. 
As noted above, however, it may be that developing inter-regional national network capital is 
the most efficient manner of achieving this for many regions. Firms following this route can 
then benefit from trading and collaborative relationships with firms in neighbouring regions, 
especially those with greater inter-regional international network capital. 
Understandably, physical capital from gross fixed capital formation and increases in 
labour inputs are found to significantly increase GVA growth. Surprisingly, R&D 
employment and broader human capital are not significantly associated with GVA growth. 
This may reflect the increasing importance of global knowledge flows (Teixeira et al, 2006; 
Torre, 2008), and whilst one would expect human capital to contribute to growth by 
increasing the absorptive capacity of the region to make the best use of knowledge flows 
(Caragliu and Nijkamp, 2012), the network capital measures used here already account for 
this through the incorporation of the R&D intensity of individual firms (Cohen and Levinthal, 
1990). 
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5. Discussion and Conclusion 
This paper has built upon existing studies suggesting that network capital may be an 
important input into regional economic growth. Using panel data regression approaches, the 
results of the study show that the network capital stock of a region plays a role in determining 
its economic growth. Intra-regional network capital is found to have a strong and significant 
relationship with growth, highlighting the role of embedded localised linkages. Similarly, the 
positive and significant relationship between growth and inter-regional network capital 
indicates the importance of accessing more geographically distant knowledge. These findings 
add weight to the suggestion that one of the most interesting implications of endogenous 
growth theory relates to the impact of the spatial organisation of regions on flows of 
knowledge (Roberts and Setterfield, 2010). In particular, the findings confirm that differences 
in regional growth can be partly explained by differences in the conditions for creating, 
accumulating and – crucially - transmitting knowledge. In part, the results indicate that 
increasing regional economic returns are realised through both the geographic and 
organizational processes resulting from both the localisation and more spatial diffusion of 
knowledge (Pred and Hagerstrand 1967; Storper, 2009). 
From a theoretical perspective, the paper has attempted to highlight the value of the 
network metaphor in explaining patterns of uneven regional development. The determinants 
of regional development are clearly multi-dimensional, but the adoption of a relational 
approach to understanding differing economic geographies, especially through the study of 
the spatiality of knowledge flows (Bathelt and Glückler, 2005), indicates that network 
systems are a key component of the regional development mix. In particular, the notion of 
network capital is one means of seeking to conceptualise, analyse and measure the 
relationship between network systems and regional development. Therefore, it can be 
suggested that theoretical, empirical and policy-driven research and practice relating to 
networks and regional development should take a more systemic approach to incorporating 
the structure (the position of regions and their firms within knowledge networks), strength 
(the nature and frequency of interactions) and spatiality (geographic reach) of ties. 
Whilst the network capital concept seeks to encapsulate these variables, like other 
approaches in the field of relational economic geography it has been argued that its 
explanatory power is partly limited due a flat ontology that, amongst other matters, takes little 
account of the institutions and social structures underpinning the emergence and evolution of 
networks (Jonas, 2006; Sunley, 2008). As a means of bridging this theoretical gap between 
relational ‘capital’ and ‘institutional’ explanations of uneven regional development, efforts 
need to be made to reconcile capital accumulation models of regional development with 
emerging institutional theories (Huggins, 2016). 
Given that the network metaphor can be conceptualised and analysed from both a 
capitalisation (ties and pipelines) and an institutional (governance and coordination) 
perspective (Sunley, 2008; Glückler, 2013), it remains a potentially fruitful means of 
understanding the growth and development systems of regions from a more theoretically 
integrated standpoint. Indeed, knowledge networks and the ‘easy flow of ideas’ have for a 
number of years been argued to be one of the key explanatory factors underlying the reasons 
why regions often grow and flourish (Glaeser et al., 1992; Gordon, 2013). An institutional 
perspective on these networks and flows would suggest that firms are incentivised to engage 
in networked activity through the availability of formal associational institutions such as 
chambers of commerce, business and trade associations, as well more informal institutions in 
the form of the geographic clustering of firms within which networked cooperation and 
collaboration is fostered through embedded norms and customs (Cooke and Morgan, 1998; 
Farole et al., 2011).  
Even in the globalised world, the enduring importance of local network capital has 
important implications for policy. It seems possible that not all regions possess a large 
number concentration of firms capable of tapping into global pipelines (van Geenhuzen, 
2008). In such regions, it may be more productive to support the development of intra-
regional network capital to help circulate knowledge within the region. Within the UK policy 
context, the demise of the Regional Development Agencies (RDAs) means that new localised 
policy support configurations such as Local Enterprise Partnerships (LEPs) and City Regions 
would appear to be best placed to support such activities (Ward, 2015). Central government 
funding, however, would be required to develop these institutions and allow them to fulfil 
this and other economic development roles (Pugalis and Bentley, 2013). 
Importantly, LEPs and City Regions could also have a significant role in helping the 
development of inter-regional network capital (Bathelt et al., 2004; Maurer and Ebers, 2006; 
Ter Wal and Boschma, 2011). This could be achieved by direct collaboration between LEPs 
and City Regions, such as through the Core Cities initiative (Core Cities, 2016), where 
leading firms, research institutions, universities and policymakers in different regions look to 
further develop their inter-regional network capital. With a greater potential to form less 
geographically proximate network capital, these organisations could take on the ‘knowledge 
aerial’ role identified by Fritsch and Schwirten (1999). Past experience indicates that this may 
not always occur naturally, and regional institutions have a key role to play in both bringing 
together actors with the ability to generate inter-regional network capital and also to ensure 
the dissemination of knowledge within the region. 
Financial incentives to support inter- and intra-regional collaboration between groups 
such as SMEs with large firms and universities may be highly beneficial. However, it is also 
likely that advice, support and experienced intermediaries will be required to govern these 
relationships, as overcoming cognitive distance can be just as difficult as negotiating the 
barriers associated with spatial distance (Deschamps et al., 2013; D’Este et al., 2013). 
Currently such an approach looks far from achievable, in part because of the unclear 
responsibilities and limited coordination between the different layers of local, regional and 
central government and institutions in the UK (Pugalis et al., 2012; Rees and Lord, 2013), as 
well as variations across LEP areas in these arrangements (O’Brien and Pike, 2015). 
Although a one-size-fits all approach is clearly not suitable, in order to help create the 
different forms of interaction, collaboration and cooperation associated with network capital 
some clarity and consistency needs to be provided by central government (MacKinnon et al., 
2015).  
There are possibilities to extend the analysis undertaken here in a number of 
directions. The implications of the findings of this study and others show the importance of 
considering network capital at different spatial levels. As indicated, it seems that inter-
regional international network capital may be less effective for many firms because of 
weaknesses in acquiring and absorbing knowledge from global networks (Drejer and Lund 
Vinding, 2007). This makes those firms and institutions that contribute to inter-regional 
international network capital highly valuable elements of both regional and global knowledge 
networks. Therefore, new studies concerning network robustness would be of considerable 
value in capturing the reliance of more peripheral regions on a small number of such actors. 
This would provide insights into where policy might be best directed in terms of securing 
inter-regional links and ensuring the effective transmission of knowledge from these links 
through intra-regional network capital. 
Whilst attention in this paper has focused on the spatial aspects of network capital, 
there is scope to further consider the dynamism and flexibility of network ties. Similarly, 
more work should be undertaken on understanding the role of network tie variety (Fitjar and 
Rodríguez-Pose, 2015). Furthermore, this study does not explicitly incorporate the 
development of ‘entrepreneurship capital’ as outlined by the knowledge spillover theory of 
entrepreneurship (Audretsch and Lehmann, 2005). Future studies may look to include this 
mechanism into their analysis, which could be achieved through new business starts being 
incorporated as an endogenous part of regional growth systems. From this perspective, the 
role of institutions in promoting such activities is likely to be important (Fitjar and 
Rodríguez-Pose, 2015). Finally, it is clear that this study incorporates a relatively short time 
period covering a relatively small number of regional observations, and future studies should 
seek to extend both the longitudinal and spatial coverage of their analyses, as well as 
considering more sophisticated means for capturing network capital indicators. 
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Figure 1: Network Capital per Firm and GVA per capita by NUTS2 Region, 2013 
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Table 1: Correlation Matrix 
1. Gross 
Value 
Added 
2. Total 
Network 
Capital 
3. Inter-
Regional 
International 
Network 
Capital 
4. Inter-
Regional 
National 
Network 
Capital 
5. Intra-
Regional 
Network 
Capital 
6. 
Physical 
Capital 
7. R&D 
Expenditure 
8. 
Human 
Capital 
2. Total Network 
Capital 
0.2688***   
(0.000)        
3. Inter-Regional 
International Network 
Capital 
0.2631*** 0.997***   
(0.000) (0.000)  
  
   
4. Inter-Regional 
National Network 
Capital 
0.2684*** 1*** 0.9972***   
(0.000) (0.000) (0.000)  
 
   
5. Intra-Regional 
Network Capital 
0.2683*** 0.9996*** 0.9957*** 0.9994***   
(0.000) (0.000) (0.000) (0.000)     
6. Physical Capital 
(Business Investment) 
0.3894*** 0.2339*** 0.2445*** 0.2357*** 0.2269***    
(0.000) (0.000) (0.000) (0.000) (0.000)    
7. R&D Expenditure 0.0093 -0.0413 -0.0456 -0.0411 -0.0411 0.0383   (0.873) (0.479) (0.434) (0.481) (0.481) (0.512)   
8. Human Capital 
(NVQ Level 4+ 
Qualifications) 
0.1223** 0.0609 0.0633 0.0613 0.0595 0.0647 -0.0091 
(0.035) (0.296) (0.278) (0.293) (0.308) (0.267) (0.877)  
9. Labour (Working 
Age Population) 
0.3293*** 0.1997*** 0.198*** 0.1991*** 0.2025*** 0.0154 0.095 0.158*** 
(0.000) (0.001) (0.001) (0.001) (0.001) (0.792) (0.103) (0.006) 
Notes: p-values in parentheses. *, ** and *** denote significance at the 10, 5 and 1 % level, respectively. 
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Table 2: Panel Regressions of Regional Output Growth  
Gross Value Added Model 1 Model 2 Model 3 Model 4 
Total Network Capital 0.0644**    (0.037)    
Inter-Regional International 
Network Capital 
 0.0595*   
 (0.053)   
Inter-Regional National 
Network Capital 
  0.0641**  
  (0.038)  
Intra-Regional Network 
Capital 
   0.0651** 
   (0.035) 
Physical Capital 0.0262*** 0.0262*** 0.0262*** 0.0263*** (0.006) (0.006) (0.006) (0.006) 
R&D Expenditure 0.0003 0.0003 0.0003 0.0003 (0.966) (0.965) (0.966) (0.965) 
Human Capital 0.0406 0.0406 0.0406 0.0407 (0.187) (0.188) (0.188) (0.186) 
Labour 0.8186*** 0.8243*** 0.8192*** 0.8162*** (0.001) (0.001) (0.001) (0.001) 
Spatial Lag 0.5779*** 0.5795*** 0.5781*** 0.5777*** (0.000) (0.000) (0.000) (0.000) 
Constant 0.0069*** 0.0069*** 0.0069*** 0.0069*** (0.007) (0.007) (0.007) (0.007) 
     
N 296 296 296 296 
     
R2 0.4254 0.4242 0.4253 0.4256 
     
F-test 213.9 212.9 213.9 214.1 (0.000) (0.000) (0.000) (0.000) 
     
Hausman Test 12.10 11.91 12.09 12.09 (0.060) (0.064) (0.060) (0.060) 
Notes: p-values in parentheses. *, ** and *** denote significance at the 10, 5 and 1 % level, 
respectively. 
 
 
